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Abstract 
The laboratory studies on the strength of oil were carried out by stretching it in the bellows and identified the opportunity of the 
strength index usage as a complex and diagnostic factor. The burst pressure and tensile modulus are used as a measure of 
strength. The authors study the ratio of burst pressure and the physical properties (viscosity, density, mass fraction of solids, 
acidity, flash point, etc.) of engine oils. The correlation with high reliability for the viscosity and the flash point is detected. This 
fact expands the opportunities of modeling oil viscosity and hydrodynamic cavitation. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
The usage of the high-quality oil, in other words the oil with required characteristics, continues to remain among 
the foundations and reserves of enhancement of machines’ sustainability. The composition and the condition of oil 
determine cavitation mode. The principle of this occurrence in the hydraulic transmission is the insufficient strength 
that is connected with its aging treatment and impurity: the particles become the centers or cores of oil discontinuity 
in addition to gas ones, and it causes the strength loss. The cavitation can significantly impair the operation of the 
hydraulic transmission, destroy its construction units and devices. So the main objective of these investigations is to 
determine the methodic opportunity of oil’s strength usage as a aggregated factor of its condition and the opportunity 
of oil’s diagnose by its cavitating characteristics [1, 3, 4]. 
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2. Strength physical bodies 
In science and engineering the comprehension of strength is broad. It is connected with the all types of materials 
and machineries disintegration as physical agents, with all types of actions of external forces, aggregative and limit 
states or deformations. Therefrom static and dynamic strength, or strength on compression, strain, fatigue, etc. 
Up to the present moment there are two conceptions in the strength investigations: 
 
x Purely physics – the science of objects and their surfaces defects’ influence on theoretical; 
x Purely engineering – the science of physicochemical influence of condition and circumstances on mechanical 
behavior of  actual materials and machineries.  
 
Fig. 1 demonstrates a universal scheme that shows strength’s rules in science and technology. The curve is based 
on the basic law about the dependence of the potential energy and interacting force of the insulating particles from 
the distance between them. The molecular forces of attraction and repulsion or resistance to compression and tensile 
strain determine the strength of particles’ interaction independent from the hypothesis about their physical nature. 
 
 
 
Fig. 1. The law (the resultative curve) of the physical agents’ particles interaction. 
 
The zero point A corresponds to the equilibrium state when attractive and repulsion forces counteract each other 
in the case of absence of outside forces, so their resultant force equals zero on the resultant curve. The dependence is 
approximated as a linear one at the initial section AB. Therefore the repulsion forces decrease faster than the 
attractive forces in the situation of stretching, in other words when the distance between the particles grows. 
However, at the point C the curve has its maximum that determines the outside force’s magnitude which is sufficient 
for the beginning of the progressive system breakdown and the depth of so called “the potential hole” which 
corresponds to the energy E of the particles’ dissociation in the process of the system breakdown. So it is reasonable 
to lay it down that the point B which indicates the getaway of the stretching from the linear law is the check point for 
the process evaluation. 
This rule is among fundamental ones in engineering science as a technical reflection of physics. Consequently, in 
material science and in the theory of strength of materials this rule is illustrated as a diagram of stretching which 
fixes the dependence of materials’ stretching İ from strain ı. At the diagram the section AB that is congruent with 
the theoretical straight line corresponds to the elastic deforming region, particularly the metals of polycrystal 
structure. In the region of the elastic deformations (the section BC and further) the values of stretching and strain are 
not connected identical but they depend on the defects of construction and composition. In the material the existence 
of the pollution’s particles as the phases appears the essential factor of the materials’ strength reduction. The point B 
is indicative and can be taken as valuating and check in this case.  
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In tribology such a regularity appears in the all types of friction. On condition of unlubricated friction – when 
direct proportionality between the shear force and the displacement in the primary stage of the process is seen. On 
condition of boundary friction such a curve (diagram) represents a dependence of oil boundary film’s deformation 
on the solid bodies’ (phase’s) surface from the pressure [4]. 
In this case the diagram represents relevant modulus of elasticity and tensile strength of oil boundary films under 
the one-way compression (crush) and abruption. The last notion corresponds to the notion of adhesion as an 
adhesive-cohesive counterstand of oil boundary film to the abruption in the normal plane. In this case on the initial 
phase AB of the process or of the curve the dependence of the oil film’s deformation from the pressure (strain) can 
be taken as linear, but with another modulus of elasticity than in the situation of compression. It is notable that the 
section of pressure and compression that are correspond to the linear motion of the curve seizes the values of this 
magnitude from null (point Ⱥ) to the high-high ones that appear in practice (point Ʉ). 
The limit of the asymptotic section of the curve with the point C and further corresponds to tensile strength under 
such a oil layer thickness when the value of disruptive force is indicated not by boundary but by volumetric 
characteristics of the layer. 
The quantitative and qualitative changes stipulate each other; the rule determines an inverse dependence: the 
qualitative changes conduce to the quantitative changes. The transformation is discrete and continuous at the same 
time: discontinuity is represented as quantum leap and continuity – as quantitative changes. Thus the process of oil 
stretching is constituted from three stages or modes that are gas development, evaporation and boiling. And they also 
determine gas, gas-steam and steam cavitation in oil. 
 
3. Destruction of oil 
The petroleum oil contains relatively large quantity of air in view of its extremely porous structure that is 
determined by its specific molecular structure and composition that provide its low density as a measure of packing. 
Gas content and gas development are extremely essential background factors that determine liquids’ strength. In 
particular the investigations [2] show that the tension stress can measure up ı=27 MPa. In the case of vapor free oil 
and high purity of unit. In such conditions the strength of water reaches the value of ³İ0.5 MPa. 
During the gas development (the first stage or mode) the growth of the air bubbles’ quantity and sizes takes place 
in the oil, in other words, the free surface increases that leads to (the second stage or mode) the intensive evaporation 
of the oil with the enlargement of quantity and sizes of the gas-steam bubbles. Their growth and confluence lead to 
the cold boiling of the oil (the third stage or mode) [2–4]. 
Each of the three stretching process’ stages must be represented by its own physics bubble model. But it’s 
problematic to represent and to describe these models objectively even if it’s practically possible. It is connected 
with the complexity of  the cavitation  processes where a huge amount of bubbles at the same time comes up, grows 
up, blows out and collapses momentary, so they influence on each other’s and  liquid’s indexes in general [3].  
In chemmotology, especially in chemmotology of hydraulic gear, the volumetric oil’s strength is represented by 
cavitation characteristics that reflect  a technical compatibility of oils with the speed, power and temperature 
operating modes of hydraulic gear[2, 5]. It is notable for example that from a practical standpoint the minimum 
permissible pressure on entering the pump is usually not limited to the prime steam pressure but to the pressure of 
the permissible amount of air separation from oil. This pressure is significantly higher and is determinative for the 
current rip and the pump output reduction. That’s why the determination of the discharge pressure influence on the 
pump output is a technical substance of its cavitating characteristics.  
For example, according to the investigations [2] the absolute pressure at the pump’s absorption reached 220, 425, 
500 and 585 millimeters of mercury in accordance with the temperature of 18, 40, 60 and 100 °ɋ when operated at 
the oil I-20A which causes bubbling. It is worth noting that the heavy vapor pressure of this oil amounted to about 1 
millimeter of mercury at the temperature of 60 °ɋ. Today the most common recommendation for minimum allowed 
value of the pump’s operational pressure input is 0.08 MPa 
The essential factor of oils’ strength reduction is the presence of the embedded particles, in other words – 
inclusions, because naturally the oil matures and becomes soiled in operation. That’s why the oils are represented as 
the suspensions and emulsions that are the multiphase systems. All these impurities are the defects of a system that 
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decrease the oil’s surface tension. Also they are the cores or centers of primordial seats of oil’s destruction and 
decrease of its strength in particular. 
 
4. Laboratory research 
 
The investigations of different factors’ influence on the oil’s strength are conducted for a long time. The large 
variety of strength indexes and methods for their determination testify the complexity of the liquids’ strength 
investigation as a characteristic, an effect or a process. Thus the equilibrium vapour pressure (All-Union state 
standard 1756), tensile stress, negative pressure, burst pressure, etc., are accepted as a strength index [5]. 
Centrifugal, bellows-sealed, piston and other methods are used as methods of the liquid’s breaking strength 
investigation.  
It must be taken as the most preferable the investigation of oils’ strength by the method of their stretching in a 
bellow valve with the assessment of the toughness‘ change and the nature of the change. The fact is that a metallic 
bellow valve fits into totally leakproof and relatively easily deformable shell of the definite volume of the oil. The 
viscid, cohesive, adhesive forces resist better to oil’s stretching in the volume of its adsorb boundary film of the vast 
space that are also exposed to the slide because of the goffer’s deformation. 
The following ideas were taken as a basis of our investigation. 
 
1. The method of the investigation is bellows-sealed as the most simulative for the deformation up to oil’s definite 
volume abruption which is caused by micro- and macromovement of the slide valves, pistons, etc. in the hydraulic 
drive. 
2. The stretching as a deformation is opposite in sign to the compression and is characterized by the similar 
molecular mechanism: the molecules are under the effect of the stretching efforts that aspire to change the surface 
tension, molecular structure and density of the oil. In this behalf its strength together with the burst pressure or 
pulling stress can be estimated for the tensile modulus which is similar to the pressure modulus, as the production of 
the pressure pɪ that causes a deformation, and ratio of the initial volume W0 to its excess ǻW:    
 
 
 
The scientific and practical value of the tensile modulus’ usage is that the tensile stress is relating to the unit of 
volume in this case, so, the complete model of oil as a three-dimensional solid is used. In particular, for this purpose 
the possibility exists for taking into account (leaving out) a dry bellow valve’s amenability by analogy with the 
valuation of a coil’s amenability which can be evaluated by the characteristic Ȝ that is like a displacement of a goffer 
under the influence of a fixed load (equal to 10 N) or by the characteristic į which represents the modulus to density 
of a bellow valve as a value that is opposite to the amenability. 
3. The oils are the strictly dosed and well-balanced compositions of the range of the petroleum hydrocarbons’ 
factions and groups. The oils are like the multiple-component or multiphase system (emulsion, suspension) that 
determines their relative strength as a display of variation of different materials’ interparticle interaction’s forces. 
The cavitation stages in the oil in such an order as gas development, evaporation and boiling can be designated as the 
external manifestations. It is naturally that a peculiar tensile modulus and a section of a curve of the law of stretching 
must correspond to each of these cavitation’s stages or modes. 
4. A comparison (overlapping) of the current curve of the oil’s strength with the basic, prelusory or preliminary 
one can be a foundation of oils’ quality diagnostic by the method of standard dependences, i.e. transient 
characteristics.  
 
In this case the investigations were conducted on the multilayer bellow valves that are made from the corrosion-
resistant steel (flexible high-pressure hoses) in 3 versions. The characteristics of the most utilizable bellow valve 
(ʋ2) are described at the fig. 2. 
The fig. 2 illustrates one of the boundary curves of the most oil rigidity in the bellow valve’s composition during 
the investigation in normal conditions (t=20 °ɋ, p=1 atm).  In this case for the purpose of the rise of the 
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experiment’s objectivity the double scale of the bellow valve’s movement was used during the elaboration. It allows 
to register the bellow valve’s rigidity in graphic form in the process of testing of oil’s rigidity and strength. Thus for 
the targeted load through the relevant point B the movement (0.02 mm) of the bellow valve with oil can be defined 
on the curve of the bellow valve’s deformation. And after that its movement and the expended load (0.2 mm, 4 N) 
can be defined by the relevant point in the of the dry bellow valve’s characteristics. 
The calculation demonstrates that the pressure in the oil will be about 10 kPa under the bellow valve’s load 
(about 10 N).    
 
 
 
Fig. 2. The indicative trend of the oil deformation under the stretching in the bellow valve’s composition: 1 – dry bellow valve; 2 – bellow 
valve with compressor oil Kp-8S. 
 
The regularities of the oil’s deformation that are described at the picture 2 correspond to the regularities that are 
distinctive for the processes of the materials’ abruption.  For example, for this case the rigidity of the oil with the 
bellow valve is a lot higher than the rigidity of the bellow valve. 
The beginning or the curve Ⱥȼ (21) is like an indicative linear dependence of the movement from the load for the 
stage of gas development in this case. The change of this dependence in the point B at the part ȼɋ (22) of the curve 
can be explained by the oil’s viscosity reduction which is caused by the intensive production of the bubbles because 
of the gas development and evaporation of the light fractions of the oil. Then there is a stage (higher than the point 
C) of the oil’s rigidity increase due to the resistance growth under the enlargement of the velocity of the oil’s flow 
with the froth balance increase.  
Therefore, the method of the control of the bellow valve’s deformation with the oil in it is acceptable for the 
diagnostic of the oil’s condition for its strength index. 
The investigations demonstrated that this method allows controlling the oil’s condition of viscosity with its 
strength. There are the examples of dependence of the burst pressure on the oil ranges’ viscosity at the fig. 3. 
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Fig.3. The influence of the oil (mark) viscosity on its strength. 
 
Fig. 3 illustrates the oil viscosity that is indicated at the oil grade and corresponds to the temperature of 100 °ɋ 
while the investigations were held under the normal temperature of 20°ɋ. Naturally, the oil strength increase with 
the viscosity growth, as a rule. The results of the investigation of the oil-flash temperature influence on the oils’ 
strength that are illustrated at the fig. 4 lend support to it. 
The presented dependences are determined by the chemical and fractional composition of oil and by the quantity 
of volatile factions of hydrocarbons, in particular, that is taken into account in the process of their classifications. 
Thus, the oils are classified by their composition into mineral, mineral with synthetic additives, semisynthetic and 
synthetic. It is must be taken into account during processing of the results of the researches similar to the held ones. 
The general conclusion over the investigations that were held is that the oil strength can be used as a complex index 
of its condition and can be measured indirectly by the bellows method. 
 
 
  
Fig. 4. The change of the oils’ burst pressure depending on the oil-flash temperature. 
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5. Conclusion 
 
The introduction to engineering practice of the indexes of the oil strength that are deduced by the method of their 
stretching in the bellow valve, i.e. static cavitation, expand the opportunities of their viscosity modeling essentially 
and also the hydrodynamic cavitation that includes gas, gas-steam, steam and in the machines. In particular, a 
polyharmonic pressure pulsation takes place at the side of absorption of the volume hydraulic pump as well as at the 
pressure side [5]. The magnitude of the pressure pulsation at the side of absorption increase with the growth of the 
injection pressure. Wherein the growth of the magnitude caused by the increase of the maximum value and by the 
reduction of the minimum value of the oscillatory pressure. The decrease of the minimum pressure to the absolute 
zero is possible under the increase of the pressure. It is evidence of the dynamic cavitation at the side of the 
absorption of the hydro machine under the high enough value of the medium pressure. 
The presence of the strength characteristics allows preventing or limiting this fact because it sets the optimal 
ranges of oils usage in a specific machine upon the viscosity, temperature and pressure. 
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